We demonstrate Optical Coherence Microscopy (OCM) for in vivo imaging of the rat cerebral cortex. Imaging does not require addition of dyes or contrast agents, and is achieved through intrinsic scattering contrast and image processing alone. Furthermore, we demonstrate in vivo, quantitative measurements of optical properties and angiography in the rat cerebral cortex. Imaging depths greater than those achieved by conventional two-photon microscopy are demonstrated.
INTRODUCTION
Staining methods used by Golgi, Cajal, and Nissl led to seminal observations about the microscopic organization of the brain. Even today, staining of bulk tissues, specific cell populations, or organelles in histological specimens and light microscopic observation are widely used for studies of cyto-architecture in the brain. More recently, advances in light microscopy 1 and cell-labeling techniques have enabled in vivo imaging of neuro-anatomy and function. Two-photon microscopy 2, 3 , in particular, has become the method of choice for in vivo imaging of cortex up to depths of a few hundred microns. However, two-photon microscopy typically requires either exogenous dyes or genetic labeling and costly, bulky femtosecond lasers. Imaging depths approaching a millimeter can be achieved with two-photon microscopy using sparse labeling and regenerative amplifiers 4, 5 or longer wavelength excitation 6 . Fundamental limits to the penetration depth of two-photon microscopy are set by attenuation from scattering 7 . Aberrations and out-of-focus fluorescence may also degrade contrast at larger imaging depths 5 .
Here, we present an alternative in vivo cellular brain imaging strategy that uses intrinsic contrast, i.e. contrast arising from endogenous tissue properties. Using a novel Optical Coherence Microscopy (OCM) system and a procedure to gate out light scattered from away from the focal plane, we achieve imaging of cortical myelination and neuronal cell bodies in the rat cortex. We confirm known lamina-specific features in cell density, size, and myelination. We also use this novel imaging platform to measure the scattering properties of brain tissue.
METHODS
For OCM measurements, Sprague Dawley rats were temperature controlled, anesthetized with isofluorane (1.5-2% in a mixture of O 2 and air) and tracheotomized. A catheter was inserted into the femoral artery for measuring blood gases and monitoring blood pressure. A catheter was inserted into the femoral vein for administering anesthesia and paralytics, where applicable. A sealed cranial window was created in the center of the parietal bone with the dura removed. Isofluorane was discontinued and anesthesia maintained with a 50 mg/kg intravenous bolus of alpha-chloralose followed by continuous intravenous infusion at 40 mg/(kg h). During the imaging, rats were ventilated with a mixture of air and O 2 . Imaging was performed on the brains of alpha-chloralose anesthetized animals through sealed cranial windows. The systemic arterial blood pressure was 95-110 mmHg, pCO 2 was 35-44 mmHg, and pO 2 was 95-110 mmHg.
A 1310 nm spectral/Fourier domain OCM microscope was constructed for in vivo imaging of the rat cerebral cortex. The light source consisted of two superluminescent diodes combined using a 50 / 50 fiber coupler to yield a bandwidth of 170 nm. The axial (depth) resolution was 4.7 µm in air (3.5 µm in tissue). The power on the sample was 4 mW, and the sensitivity was 105 dB. A spectrometer with a 1024 pixel InGaAs line scan camera operated at 47,000 axial scans per second. A 40x (Olympus LUMPLANFL/IR 40X W, NA 0.8) water immersion objective achieved a transverse resolution of 0.9 microns (full-width at half-maximum of the intensity profile). The imaging field-of-view was approximately 620 microns. Distilled water was used for the immersion medium. For angiography, a 10x (Mitutoyo Plan Apo NIR Infinity-Corrected Objective) objective was used, and the transverse resolution was 3.6 microns (fullwidth at half-maximum of the intensity profile). 
RESULTS
Results of OCM structural imaging, optical property quantification, and angiographic imaging are shown in Figures 1-4 . Figure 1 and Figure 2 show cellular-level imaging at different cortical depths, Figure 3 shows quantification of OCM signal slope, which is related to tissue scattering properties. Figure 4 shows angiography, obtained using a previously described algorithm of high-pass filtering along the slow axis of a repeated raster scan 8 . Investigation of the cellular correlates (nucleus vs. cell body) of the low scattering regions in Figure 1 are currently underway.
CONCLUSIONS
In conclusion, we demonstrate Optical Coherence Microscopy (OCM) for in vivo imaging of neuronal cell bodies and cortical myelination in the rat cortex. Furthermore, we demonstrate in vivo, quantitative measurements of optical properties and angiography in the rat cerebral cortex. Imaging does not require addition of dyes or contrast agents, and is achieved through intrinsic scattering contrast and image processing alone.
